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Discussion	
	
The	purpose	of	this	study	was	to	investigate	whether	an	apple	a	day,	with	or	
without	the	peel,	for	three	weeks	had	any	influence	on	handgrip	strength	or	
circulating	inflammatory	markers	in	the	blood.	I	hypothesized	that	consuming	
apples,	with	the	peel,	would	result	in	increased	anti-inflammatory	cytokines,	
decreased	pro-inflammatory	cytokines,	and	increased	grip	strength	compared	to	the	
other	groups.	Contrary	to	my	hypothesis,	dominant	handgrip	strength	decreased	
significantly	from	pre-intervention	to	post-intervention	for	all	groups.	This	was	
unexpected,	because	the	participants	in	the	Whole	Apple	group	were	consuming	
ursolic	acid,	which	has	been	shown	to	increase	muscle	hypertrophy	and	decrease	
muscle	atrophy	in	mice	(Katashima).	A	possible	reason	that	handgrip	strength	did	
not	increase	is	that	a	three-week	intervention	is	not	a	long	enough	time	to	result	in	a	
significant	change	in	body	composition	due	to	ursolic	acid	consumption.	Another	
potential	reason	that	the	results	were	not	consistent	with	the	results	of	previous	
studies	is	that	the	mice	in	the	studies	were	consuming	much	higher	concentrations	
of	ursolic	acid	than	the	people	in	this	study.	The	mice	in	one	study	consumed	0.14%	
or	0.27%	ursolic	acid	diets	(Kunkel).	The	people	in	the	Whole	Apple	group	for	this	
study	consumed	one	apple	with	10.33	mg/g	ursolic	acid	per	day,	which	is	about	a	
0.00344%	ursolic	acid	diet,	assuming	a	2,000-calorie	diet.	This	amount	is	nearly	100	
times	less	than	that	consumed	by	mice	in	the	aforementioned	study.		
In	another	study,	mice	had	intraperitoneal	injections	of	25	mg/mL	ursolic	
acid,	a	higher	concentration	than	in	the	apples	that	was	also	injected	directly	as	
opposed	to	consumed	through	food	(Katashima).	The	interventions	were	also	
longer,	at	6-17	weeks	as	opposed	to	just	3	weeks	in	this	study	(Katashima).	All	of	
these	differences	could	explain	why	handgrip	strength	did	not	increase	post-
intervention.	A	possible	explanation	for	the	decrease	in	handgrip	strength	could	be	
due	to	whether	the	participants	had	a	strenuous	day	at	work	shortly	before	the	
post-data	was	collected,	or	if	they	were	tired	of	the	study	by	the	end	of	it.	
The	other	main	purpose	of	the	study	was	to	investigate	whether	
inflammatory	cytokines	were	influenced	by	consuming	an	apple	a	day.		One	
significant	result	of	this	study	is	that	IL-8,	a	pro-inflammatory	cytokine,	decreased	
post-intervention.	It	was	in	accordance	with	the	hypothesis	that	IL-8	levels	would	
decrease	in	the	Whole	Apple	group	post-intervention,	due	to	the	anti-inflammatory	
effects	of	ursolic	acid.	It	was	not	expected	that	IL-8	levels	would	decrease	in	all	
groups	post-intervention,	because	the	No	Apple	and	Peeled	Apple	groups	were	not	
consuming	ursolic	acid.	Therefore,	the	decrease	in	IL-8	levels	post-intervention	
cannot	be	attributed	to	increased	apple	consumption,	per	se.	It	is	unclear	what	could	
have	caused	this	decrease	in	IL-8	in	all	groups,	but	it	could	be	due	to	other	dietary	or	
lifestyle	factors	that	were	not	regulated	by	the	study.	Perhaps	the	participants	began	
consuming	healthier	food	in	general	because	they	were	being	recorded,	and	these	
foods	included	more	anti-inflammatory	factors	than	previously,	when	they	were	not	
enrolled	in	the	study.		
There	were	no	significant	changes	in	levels	of	IL-1β	or	TNF-α,	the	other	pro-
inflammatory	cytokines	measured	for	pre-	and	post-intervention.	This	was	contrary	
to	the	hypothesis,	which	predicted	that	levels	of	these	cytokines	would	decrease	
post-intervention.	
There	was	also	no	significant	change	in	levels	of	the	anti-inflammatory	
cytokine	IL-10	post-intervention.	This	result	was	contrary	to	the	hypothesis	that	IL-
10	levels	would	increase	post-intervention	in	the	Whole	Apple	group	due	to	ursolic	
acid’s	anti-inflammatory	properties.		
No	significant	change	was	measured	in	IL-6	levels	post-intervention	either.	
IL-6	is	a	cytokine	that	has	an	anti-inflammatory	role	during	acute	inflammation,	but	
a	pro-inflammatory	role	during	states	of	chronic	inflammation	such	as	obesity.	It	
was	expected	that	IL-6	levels	would	decrease	post-intervention	in	the	Whole	Apple	
group	due	to	the	decreased	state	of	chronic	inflammation	caused	by	ursolic	acid	in	
the	apple	peels.	
Overall,	very	few	significant	results	were	observed	in	this	study.	One	large	
reason	for	this	is	probably	because	the	intervention	period	was	too	short	to	cause	
any	significant	biological	changes.	The	participants	also	were	not	consuming	large	
amounts	of	ursolic	acid,	and	were	only	consuming	apples	five	days	a	week,	as	they	
did	not	consume	them	on	the	weekends.		Consuming	fifteen	apples	over	three	weeks	
is	probably	not	enough	to	have	a	significant	impact	on	one’s	health.	Another	limiting	
factor	of	the	study	is	that	the	participants’	activity	level	and	diet	outside	of	the	study	
were	not	monitored,	both	of	which	play	a	great	role	in	cytokine	production	and	
handgrip	strength.	Another	factor	that	could	have	influenced	the	results	of	the	study	
is	that	the	participant’s	diets	before	the	study	were	not	monitored.	If	the	
participants	were	already	eating	one	or	more	apples	a	day,	their	anti-inflammatory	
cytokine	levels	may	not	change	throughout	the	three-week	study,	or	may	even	
decrease	post-intervention	if	they	were	consuming	less	ursolic	acid	than	before.		
There	were	also	only	32	participants,	separated	in	three	groups,	who	had	pre-	and	
post-intervention	blood	samples,	which	made	it	difficult	to	achieve	significant	
results.		Therefore,	this	study	was	likely	under	powered.	
There	were	many	limitations	to	this	study,	but	as	a	pilot	study	it	served	its	
purpose	of	demonstrating	to	the	investigators	that	it	is	possible	to	conduct	a	study	
of	this	design	in	a	factory	setting.	Future	studies	should	be	conducted	with	more	
participants	over	a	longer	period	of	time,	and	also	have	the	participants	consume	
apples	on	Saturday	and	Sunday,	as	well,	to	achieve	significant	results.	
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